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1 SYSTEM AND METHOD FOR FLOW MONI TORI NG AND CONTRCL

5 Rel ated Applications The present application is a
continuation-in-part of and clains the benefit of
priority under 35 U S.C. 120 of United States Patent
Application No. 10/777,300,1entitled "System and

Met hod for Flow 10 Monitoring and Control" by Brodeur

et al., filed February 12, 2004, which is hereby

fully iseormneraisdbynssf esenecown aisiPror ItdELAOcdiRor
I NVENTI'ON I5"Enbodrment s of the present Imvention

relate generally to the field of flow nonitoring and
control and nore particularly to nonitoring and/or
controlling flow over a range of flow rates. 20
BACKGROUND I n sem conduct or manufacturing, accurate
contro of flujd flow through manufacturing tools is
crité?iﬂteécﬁp? ACHELMZe fabrication of circuits on
substrat efhe JesOnt robplich@idhovsi 8 YR BRbation-in-part
sem conduct or 25 manuf'acturing systens, a mass flow

met @f drkredaiaes the berpfiatef gpriofity dunderhds U.S.C.

syst Vs r d, be_adjusted, a
SEDETE G P SSRGS Py e
accar@f 1wl ,\30 Varahiciir Yedt ™ S esisd e nind EMyt 10 PGS SEL G
differential mass_flow 30 neters, though thermal nass

f1 oWt g AL CARRIP L N RERFRNE ¢t &l pr sSkipd

di f freigndd:a) 1BSSId oW wHRUE 5 O BE Sﬁﬂf% SH @@fﬁor%ted
read the pressure drop 2 across a constriction, I C

act dyagref epreawsurhedadgs. i nduci ng el enent, having a
known area to calculate the flowrate of a gas based

on known principles of fluid dynam cs. Using the

cal gulrairedroasief |lowratN t he

Embodiments of the present invention relate

generally to the field of flow monitoring and control
and more particularly to monitoring and/or controlling

flow over a range of flow rates.

BACKGROUND

In semiconductor manufacturing, accurate control

of fluid flow th;ough manufacturing tools is critical
for the precise fabrication of circuits on substrates.
To control fluid flow in current semiconductor
manufacturing systems, a mass flow meter determines
the flow rate-of a fluid in the system and, if the
flow rate should be adjusted, a mass flow controller
opens or closes a valve accordingly. Many current
systems rely on pressure differential mass flow
meters, though thermal mass flow meters are becoming
more common. In a pressuré differential mass flow

meter, two pressure sensors read the pressure drop
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5 mass flow controller can adjust a valve to increase

or decrease the flowrate. Prior art systens that

rely on pressure differentials across a constriction
typically have a limted range of operation. Mre
particularly, the 10 range »f operation is often

limted at low flow rates because the pressure
differential between the two sensors becones so snal

as terbes Bdicee@itHibkeons ORRERJabe sSHE eMpliisifire loss
Thus, for exanple, even i1f a flow controller is
phyéP@&PP?gC&ﬂéﬁﬁétofhéﬁhﬂgoﬁlkﬂ@WPSamaﬁmiqncakRQiﬁtﬁ the

0-1 n nLro
to aachr 5RER, SI0A Bar' PRsta havksShn, SRACRPLe fp foie
per dyeemidshec8sdeg bheeahmcﬁmanéd gaB fBeandatid)e the

pressure glfferentlga fron1th ﬁfure sensors
i s PAGPsE&PHi GPBETSSLER S?He? Bsgx?eﬂﬁ Vive tRorifiGRpase or

rangeckeakeWehe fFhiow rates, in sonme prior art systens,
a constriction with a smaller cross-sectional area is

enpl oyedPrdori peteggetene thatedeprvessupaessure

Lt BEFRRELALsafll LE-bOLSa OB ELL BY bR LLONGTBPRAR &

det ec ower ow ra
resiimttederangst blECbp@flatﬁﬁtulCESMbbe p&&tilmmafﬂlqw the
capacity of the neter a given fluid sup

pr eS&4Y ﬁﬁdol:@réﬂ% Ja'ﬁ %E%@l%’f-’éé?@ﬂyatsélo&’t f(;@w Jgtes
SUMBRY2CE ThE DrSCLERURE: ¢ FIhodh RER! 5001, ohe LBiP S5

i nvention provi systens and net ods 0
nonfens PNy hﬁdoment$qlsmallrﬂﬂ t@dbeelndescernlble
evi ousl el ope flow monitorin

m
anCCRETaf o oreRb S TR nodtRaREr om SRARE T s RS 15

enbdf et SoRf ré e Br £S5 ety 316/@11 oaa BbA% @€ @dntdWlling
control device that can control using a single

pr eSkewe aknsakes|of del Gl d.:fer second the controller
may only be able to accurately control flows having

rates of 20-100 mL per second because, beneath 20 mL
per second, the pressure differential from the two
pressure sensors is indiscernible.

In order to extend the working range to lower
flow rates, in some prior art systems, a constriction
with a smaller cross-sectional area is employed to
increase the sensed pressure differential. While this
may allow the flow meter to detect lower flow rates,
employing a more restrictive constriction reduces the
maximum flow capacity of the meter for a given fluid
supply pressure and is often an unsatisfactory

solution.

SUMMARY OF THE DISCLOSURE:

Embodiments of the present invention provide

systems and methods of flow monitoring and control
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operation, the flow control device can control flow
based on a differential determ ned from pressure
nmeasurenents fromnultiple pressure sensors. For
exanpl e, the flow control device can control flow 10
based on the differential bgtween pressure
measurenents froma pressure sensor upstream of a
pressure | oss el ement and a pressure sensor downstream

of the pressure loss, el erent. |In another ,node of

oper oS THE o HGRENBREagsFc e CRASEGATHY 195507 heped
baseth ih i HITE U RS Bneedodl sFshakb aulBmdUIRSEI € More
sensor, such as the downstream pressure sensor. The

f | owagHiagladevi eabesingnteneti hel prewerdh igsteideirn
nod . ratyi r : ' L.nt n
b AT & T sPhedo! BOTIEETIRES, Ak otttk oy
20 pointg casinglat parepautrec seasopr.esIur endi ffcateerdf al .
Anot her enbodi nent qof the present i.nvention provides a
Sy SIHRTAI. Bonths [IRY FPBRESS By HAs a0 Bt Eerglov
NMEaPHRIL S a8ldiF rehlaie afr 888HL-R1HERS SronEFIRH B S
of the present invention can also 25 include a flow
confiegisuderead st haemc aklgépdenPRespirg sem@ays hadpr
occuLghiEhat rmy paoulre pecallbeal Lo alondhe fow,
control *devi ce.” 'l "on€ “enbodi nent ~of e préesent

I nvalsiean onathentigifeeentanlnbetiveenappeessitfiee  sensor

(e.g., a downstream pressure sensor) for 30
flu%@@éPF&W@PthfFﬁ@ £ BEEEAPFBnSeBRLEcYPFream of a

Pregdebekmi-aed ,aaoy Emeh@eaﬁenérBknguEQnsgﬁﬂﬁgf“d%iﬂ§ﬁEeam

alarmindicating that the flow device nay have to
r ecalfi bhat pdeséneeeibedi sdanent .t hénpapotiner magde iah

CanoplAShHSE, 25 bk O BT R BETBAGS k1o

i nl Bhse@ BhEEBEr grkasarel saRBEdbEEWEERalrRE dullet Psksure

out;g%sggr such as the downsiream pressure sensor. The
flow control device can automatically switch between
modes of operation at a predetermined point. In one
embodiment of the present invention, the predetermined
point can be at a particular pressure differential.
Another embodiment of the present invention provides a
system for controlling flow solely based on pressure
measurements at a single pressure sensor.

Embodiments of the present invention can also
include a flow control device that can determine if a
change has occurred that may require recalibration of

' the flow control device. In one embodiment of the
present invention, a controller can monitor a pressure
sensor (e.g., a downstream pressure sensor) for
fluctuations. If the fluctuations exceed a

predetermined amount, the controller can generate an
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fluid conmunication with the inlet and outlet, a
pressure sensor |ocated upstreamfromthe pressure

| oss el ement configured to neasure a first pressure of
10 a fluid flowing through the flow control device, a
pressure sensor ,located do#nstream fromthe pressure

| oss elenment, configured to neasure a second pressure

of the fluid flow ng through the flow control device,
and @lé:ﬂﬂt{rﬁﬂcea[t “r&&’m}%’c thd 18 Jid 'flvie TR 380505 be
15 and the second pressure sensor to gener at'e a val ve
dri vieecalpitatatekhe controll er can generate a val ve

control signal .based qn i.fferential .between the

first proSl Guiiiont Shof Froseite BIEGoR F92;
nodei ifLeRerAt % i Ntdedil R apralsitgiene it Be®, an
20 valve control signal based on a neasured pressure

at e jiduIHnish commpmicatdean aitnghe daderd mode

Of. ﬁﬁﬁff@@os@%i %fﬁafbe reqlt i1: L G e%Uta%'@Q&@ié in
SW t'c ased on a predéfined paraneter (e€.g., a prese

di f fandnt icdmmeipeaden pridds whe dnlete aokd bheleensa,
particul ar

25 a fluctuation in_the readi ngs of

S endGe SR Ba LGRS UPATEREY T8RBodPReRE SIS R

Pr eSeus ieN\e@iRint0Rce@ guirdel WOe i aGRIRUEEFiRLRIpMBssure of

product conprising a set of conputer instruction

st ored lddatt Yowang dhaovakpiher flowr cathibd dediiuwre an

exegut b | east rocessor to: receive a

reabirenbRe Sethor pep=t3h, dBREE R, Fgn] 68 Hicbsure

meadosenelemehta seadiguRkes o fieaBurepar skecatC YPridire

to a fi%st node of operation, wherein the conmputer

i nsCrutfifoduafe tdRudngabhacngh Ehecilavecantral daeice,

basgd 08 @oﬁ‘t%t:?aﬁ.%?t tBlpRelvesN th h%iﬁ:EESFr@E§§1§‘lér Sensor

and the second pressure; operate accordfng to a

secend hbdesetopgdepatssnrewseneon thegepempltiten valve

I nstructions age oegrable to ialculate t he

drive signal. e controller can generate a wvalve

control signal based on a differential between the
first pressure and the second pressure during a first
mode of operation. The controller can alsoc generate a
valve control signal based on a measured pressure at a
particular pressure sensor during a second mode of
operation. The mode of operation can automatically
switch based on a predefined parameter (e.g., a preset
differential, a preset pressure at one of the sensor,
a fluctuation in the readings of a particular sensor
‘or other parameter) .

Another embodiment of the present invention can
include a computer program product comprising a set of
computer instruction stored on at least one computer
readable medium and executable by at least one
processor to: receive a measurement of a first

pressure; receive a measurement of a second pressure;




flow rate based on a neasured pressure at a particul ar
pressure sensor; and switch between the first node of
operation and the second node of operation based on a
10 predefined paraneter. Yet another enbodi ment of the
present invention can inclade nmeasuring a first
pressure; neasuring a second pressure; in a first

node of operation, generating a valve control signa
based 0.8 1. Jéfﬂgﬂ%g %'fﬁ%%%eﬁBdEthf'g%E REERJUT €
and e secon pressure; in a second mode of
opendterain géercatnipuiert Hastaliveioast aek sixgraktabasedo
on a asured pressure. at a particular _pressur
SendHLCRF S thg aes ReRY Phe ol ALEECRBBEIGY between

OperMd & raitd grl 8aeoRddNeHe eécégdogﬁéaghee- operate
according to a predefined paraneter. Yet anot her

enb&damRingf tiche presoadt mpdeenfi opergdionachbaseirsdihe
of_gampiter Lnskrucliions eXecubable: ol 0or 8aeSace the
pressure measurements from a sensor, nmonitor €

pr efduwe raeas baerenios bomeashicwdt pakseure2atcanpareicular
the fluctuation to a predeter ed limt_ and, if the

! h
f1 UBERESISR PETGFEAL 8nck AUnFRePBFEBEReFRPnE4T ST Bade of
9engLaka +aBndhAMEn¥eteRBALNREaE™B8dLBBRLL2bn B8sed on a
present invention can include a set of conputer
i nspradeifansdepacamabes. 30 to recei ve an upstream
pressure,froman,upstream sensor | pcated upsiream of, .a
P essur o FEs8PatbRE erEStLACHE o8 B8 BFrpERRr pratE I dn
nmeagdhemBBlubieomeastridgnastr eat phebberot easuseri 0ss a
el enent, nonitor a valve for a valve position,

det 8PAPRE RrEFFREREninaf fhesheBAdehel npRSHRBHON,

pre e LN t [ ased on
PheSSHPFaraag, dFVELTLOEoRrEOT. Sonal PERLY B 2200 N

val deffesehtbalabdtacenl vee fisstupressure and the second

pressure; in a second mode of operation, generating
the valve control signal based on a measured pressure
at a particular pressure sensor; and switching between
the first mode of operation and the second mode of
operation according to a predefined parameter.

Yet another embodiment of the present invention
can include a set of computer instructions executable
to receive pressure measurements from a sensor,

- monitor the pressure measurements for a fluctuation,
compare the fluctuation to a predetermined limit and,
if the fluctuation is greater than the predetermined
limit, generate an alarm.

Yet another embodiment of the present invention
can include a set of computer instructions executable
to receive an upstream pressure from an upstream
sensor located upstream of a pressure loss element,

receive a downstream pressure measurement from a
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Yet anot her enbodi nent of the present invention can
i nclude a nethod of nonitoring flow conprising
nmeasuring a first pressure, nmeasuring a second 10
pressure; in a first node of operation, determning a
flow rate based on a differéential between the first
pressure and the second pressure; in a second node of
operation determining the flow rate based on a

MeaHdfn t‘lre%i-g‘%arf 13k ?ﬁg %h‘r‘é“hé& g%g%&%ﬁ% {:‘181?9{0:390'

15 switching between Irst no opefatron and
t he vadeeombimad eradfreopesatiion, adebedmmgeta differential

b L

pr odieelo 1623 Halt®daon2@heeHietccaRRPHLEr bEBREEHCEREONS
stored on at | east one conputer readabl e nedi um

exe@?@ﬁ@@r@dopr@tsswaﬁ she vpiueepssition prderveahve

nea;gr%q%QH %f a first pressure; receive a
neasurenent of a second pressure; operate according

to a firetmadetbkbropabatinant 26fwhkeeprebbat conpaheion
|nstruct|03 are ex utable to EgeneratiBa val ve,

confrBI TECGHER E‘ag‘@ Sﬁ 9f BPR{EPERPPAFIBEL GRBATHHENT

firpbaBLeIsy @ %&Qsthﬁré§9898 RESSEViRg QP8EabEd
according t6 a second node of operation, wherein the

conpyeesutrﬁst dAocei fasstrwode gﬁeoabretwngedet@rmmh@g a
val¥f cont bas

v oRoRER pRLlRt o e R e A FRE B E e R PPRE £ Bl

firpteppdecobnapenst s@BoRddptEesiureseenAnd s§88endfmode of
operati on according to, a predefined Earaneter Yet
ano?H%FaEﬁﬁBdlﬁéﬁ?r%¥n%%% %F%s@%@wlﬁ% ft Pased| ol des

¢ POUSEERl BaBtLent MIpEOPRELLER, BRBeli) Shendlt, onc

pr esgitehipgsbetwabn cbhhenfibet tihedendb§ operation and the
second mode of operation according to a predefined
parameter.

Yet another embodiment of the present invention

can include a computer program product comprising a
set of computer instructions stored on at least one
computef readable medium executable by at least one
processor to: receive a measurement of a first
pressure; receive a measurement of a second pressure;
operate according to a first mode of operation,

- wherein the computer instructions are executable to
generate a valve control signal based on a
differential between the first pressure and tﬁe second
pressure; operate according to a second mode of
operation, wherein the computer instructions are
operable to generate the valve control signal based on
a measured pressure at a particular pressure sensox;

and switch between the first mode of operation and the
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pressure sensor of the fluid control device, and a
controller coupled to the pressure sensor. The
controller can be configured to generate a valve 10
control signal based on a neasured pressure at a
single pressure sensor (i.er, the first pressure
sensor of the fluid control device). Another

enbodi ment of the present invention i ncl udes a net hod

for Jc?eé%lflcﬁgnolgi% flfo S %E}F%ESH § | 09 J.nést%ogt LdQEXhS.S

bas on neasurenents rroma ssure sensor,

t he pedned eaQnpri si ng neasuri ng pressure at a first
pressure_sensor, calculatln%Bt flow rate based on a

pr essur e Wetag@Rshest SPPERLRRRT Py $NepPEESERE LBREBFLON

and ;& SQlqedf aC@ihr @bheRo203R3, ARELEES. c%ﬁﬂpﬂééggaﬁhe
flowrate to a set point and generating a val ve

conﬂwdmtsugnabumégédlunfﬂhed deffiundres Lot iebh the

cal ated flow rate and_set Y not her
Gt o FAE b e8Ef 8 konBBLA wnEh ARPLAS the oniy

con@u@&@ua@ogéa@bareﬁuehetbahlao&bht&as devsed, obnd a

conputer i nstructi ons haV|ng i nstructi ons executable

to FOB&rpdlarpreyphprd FRathfeRERESHESMEENSPTr st The

Pr e33te03§8$0kanCBLC bﬁk%gﬂré?oﬁbr6bﬁe98§@da°9a1%ge

pressure nmeasur enent rom irst "pressure 30 sensor
andcan$ebloﬁigahibbasednopaaameasnsedcpmpaserethé &l ow

t t d t 8 tr
o RinShEBae s R baR PP Tk pether Rt RE PEETRUES! o

fl ogehiabe apdtBet FPELAt cokAbeUi ABRESPl the present
i nvention provide an advantage over prior art flow

control 8#Botkexs ﬁybgdpm@vtdoﬁgth@rpaegeéﬁténV¢%hg@nof
f'°%hg§ﬂ&&8'§her ag E§9t§e§£159§n r%iSQtt??Xﬁg% Q”fl

pr ovi ano age over or art ontro
deviorsrol device based on measurements from a single

pressure sensor, the method comprising.measuring
pressure at a first pressure sensor, calculating a
fiow rate based on a pressure measurement from the
first pressure sensor and a set of calibration
parameters, comparing the flow rate to a set point and
generating a valve control signal based on the
difference between the calculated flow rate and set
point.

Yet another embodiment of the present invention
includes a computer program product that comprises a
set of computer instructions having instructions
executable to receive a pressure measurement from a
first pressure sensor, calculate a flow rate based on
the pressure measurement from the first pressure
sensor and a set of calibration parameters, compare

the flow rate to a set point; and generate a valve
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by providing for greater accuracy in neasuring flow
rate at low flow rates. 10 Enbodi nents of the present
i nvention provide yet another advantage over prior
art flow control devices by providing nonitoring to
indicate if recalibration gs necessary or an error
has occurred. 15 BRI EF DESCRI PTI ON OF THE DRAW NGS: A
nore conpl ete understandi ng of the present invention

and th vant ages, t her eof cquired

o GGt SERGL: BRPOR A HBECREELFORNCEaRERVPRR the
CoNjcdNehil @k e EokheadeCanBaBXt NPodhaw NgS i n which 20
li ke reference nunbers indicate' |ike features and

wher ei n: Embggmaemtssoé ghggparsent clrephrbient pEpvhdefan
j t
2 oRERERNGE, Bl BB CRR BhofieubiesRs oLyl fos! Byone

dl&gﬂﬂﬁﬁﬁhh@ Eemrasgméateanraﬁgenef Ehbwdcorhtodf a

flow control device; FIGQJRE 3 is a
r epr esenERPPIATEREEHET EﬁﬁanﬁéﬁPto%nggegﬁ??oPFngde

FI GRE thekS aBvhhow Shéﬁbroﬁr98§ gppodigRntontral d8vices
nmet hod for control Flng low, 9 FIGURE 5 is a flow
chaby prowhdingt fiod grenbﬁrt@ﬂpﬁga@ypi@s@@aéugéngofl@@
det r ne. i S m syst em has changed; FI GURE
dﬁggﬁgﬁngg Fé£§§sentat|on of a 5 schematic

of a f|OEmbcﬁimétherCEhanQédeﬁG iﬂveﬂﬂbbheprov1de yet
enbodi nent of the present invention; FlGJRE [
d|a@PSﬁﬁﬁflédVéﬁFéggnPH?Foﬁerraar¥IE%Pﬂoﬁ??BFOHe@?Eéces

us'B?aﬁna?ggiﬁgpﬁ@ﬁﬁﬂ&flﬁgnﬁerlndeQHB 8 k&calibration

di ag presentati on of 10 anot her enbodi nent
of asfhewessaryobrdeni eerasi hgsaoccurred.

BRIEF DESCRIPTION OF THE DRAWINGS:

A more complete understanding of the present

invention and the advantages thereof may be acquired
by referring to the following description, taken in
conjunction with the accompanying drawings in which
like reference numbers indicate ‘like features and
wherein:

FIGURE 1 is a diagrammatic representation of a
schematic of a flow control device according to one
embodiment of the present invention;

FIGURE 2 is a diagrammatic representation of one
embodiment of a flow control device;

FIGURE 3 is a diagrammatic representation of one
embodiment of a controller;

FIGURE 4 is a flow chart of one embodiment of a

method for controlling flow;
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single pressure sensor; and FIGURE 9 is a flow chart
of illustrating one enbodinent of controlling flow
usi ng nmeasurenents from a single pressure sensor. 15
DETAI LED DESCRI PTI ON Preferred enbodi nents of the
invention are illustrated ¢n the FIGQURES, |ike
nuneral s being used to refer to |ike and
correspondi ng parts of the 20 vari ous draw ngs.

Enbodi e f_ the present inventiqn provi fJ ow
control | gélsci[ﬁ?éﬁ ggdﬁpﬁe%ﬁ@é’ &5 fitn ?‘8 B‘Fg‘(gﬂog'ré)g
assafdrafask Md i Riresudiel skinewrcent tek eswshens ard
nmet hods. One ‘enbodi ment of the present invention 25

i nc|dfyEs e gam G VESHY Sidisechapgedias an upstream and
downstre Iy e [ f Akl o,

t he flomﬁg%ﬁﬁggﬁfég %aﬁa% nF#%P%gﬁéggggﬁgfgie%%g%E oﬁ
t he gulessitrie diff farfdow donhebieerviice poesgulieg to

measurenents fromthe upstream and downstream sensors.
30 ARCHRS EPIREHDE GPolil BioPRE pPEssimen’

control | efrguan A B0laikle alneWiakephasee tat il of a
pressure sensed by a particular pressure sensor, such

as tHewl ondadsderdeepuedtgr @ sangde. PTRE surgysensor;

[ I nel | agi . Lcall. it ch
ot woon CHST R fodvof LageParisn PAROFEERF A b e ©

ope aaictte rC ambodd m@nsooifate d 1wt kohitgbér delvdwe atsdsig a
while the second 5 node of operation can be associ at ed
wi t BLHPGWS PRESRHULRaSERSOEFGBRE 1 is a di agrammatic

represenggiRi of 43 of t&gwwceﬂg&@ oéemﬁs%(%atgﬁgngeng

to one enbodi nent of e present 1 nvention.

conembloddeeinte 030 coatrd@lingl ddevwansingeme@dunements from

receian% a flow an outlet 34
a single pressure sSensor.

DETAILED DESCRIPTION

Preferred embodiments of the invention are

illustrated in the FIGURES, like numerals being used
to refer to like and corresponding parts of the
various drawings.

Embodiments of the present invention provide a
flow controller that can reduce or eliminate problems
associated with prior art flow control systems and
methods. One embodiment of the present invention
includes a flow controller that has an upstream and
downstream pressure sensor. In cne méde of operation,
the flow controller can control the flow rate based on
the pressure differential between the pressure
measurements from the upstream and downstream sensors.
In another mode of operation, the pressure controller
can control the flow rate based on the pressuré sensed

by a particular pressure sensor, such as the




10

15

20

25

30

for directing a flow to other conponents of a flow
system pressure |oss elenent 36 (e.g., an orifice
plate, small dianeter tube, a constricted area or
ot her pressure |oss elenent), a pressure sensor 38 15
upstream of pressure | oss ghenent 36 (referred to as
the "upstream pressure sensor") configured to neasure
an upstream pressure, a pressure sensor 40 downstream
pressure | oss el ement 36 ref %re% to as the

" do ANELR BLEGPETEFEDS ey contgrddps gan

20 dewisideadyRicessu %ﬁtoﬁa@:@&b‘]@yl %rwr&%h WairGRetaRhe
i ncl ude processors, nenories and software instructions

f or Mpsias winiomgrationi.d Thewfiass medeopff eperation can
gen@; tdéEﬁ?ié%%hY%l%ﬂnbl%bg Vg&%% r%@gsa %%li% tﬁe gecond

rottlin pef va
butmﬁmkiynya@meataopneamabecabbpcdatéénwﬂahveoeérofmew
val ve .known in the art) responsive to the valve
contf®S-signal to regulate fluid flow Upstream

pressur e rESeRRer 13§saadd%§fe§£nfn§%% RE §é%ﬁt§%%ﬁf o#0a

can be capacitance type, pi ezoresitive type,
t r ahd@uic sontypd dﬁvépheﬁotypecotdlpgetguDeesembodlment of

kno r rti ur
conthe 5 BEnPlbnndE A8 s 0B Pbos P8 ART By630 e
expoaedutie bheifletd3gl gvikngetbiotgh &I@mbwcoahr@htlet 34

devi.ce 30 can be chemcally inert wth respect to_ the
f1ufgx é&ﬁ?%wgra4§legntee0*éaaﬁ| gampgnenpst péam flow

pre§§§ﬁ@mseﬁ§9§s§§ ﬁQ&QSéi?ﬂghErggswéeg , SERSQLi e
and val ve via, for exanple | ectrical
conpbeteonsmalhedMGMGterahubaeIadeoastaiutedrhnea or

havj onents,, such crocontrollers,

o REBE e HESTErve LORE roisurBhar anb-opentey Sthegs 38

val ygséfehn 6§S§@@§§u£‘@ 168s V@Mﬁeﬁengeol(réfseeéd 48 &s

fluid (gas or liquid) can enter flow control
the “upstream pressure sensor”) configured to measure
an upstream pressure, a pressure sensor 40 downstream
of pressure loss element 36 (referred to as the
“downstream pressure sensor”) configured to measure a
downstream pressure, a controller 42, which can
include processors, memories and software instructions
for determining a fluid flow rate and/or for
generating a valve control signal, and a valve 44
‘(e.g., a throttling gate valve, a poppet valve, a
butterfly valve, a pneumatically driven valve or other
valve known in the art) responsive to the valve control
signal to regulate fluid flow.

Upstream pressure sensor 38 and downstream
pressure sensor 40 can be capacitance type,
piezoresitive type, transducer type or other type of
preséure sensor known in the art. The poftions of

upstream pressure sensor 38 and downstream pressure
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device 30 at inlet 32, pass through valve 44 and
pressure | oss elenment 36 and exit flow control device
30 at outlet 34. Upstream pressure sensor 38 and
downstream pressure sensor 40 can generate upstream
15, pressure signal 46 andjigownstream pressure signa
48, which can be digital or analog signals that
represent the pressure nmeasurements at upstream

pressure sensor 38 .and wnst ream.pressurge, sensor .40
PSRty SEBRERGI Far THS . TULr A ELPREAg, Ehppaan £10u
sof tbaaeo204dksbeUghi 8RS BEOEREMOBadl goMREEEr witRdabkpect
medi um can_ generate val ve control sjgnal 50 to open

or &rosde §hPve.44 Fenkenplées 42dednrkd FPemied: kO
b d
as%%F%gggﬁgﬁggggﬁgér§én§8§s§é? dB%nQEE&éﬁ?ﬁk%%Eé%Hre

sens ownstr éam pressure sens
Acceedispg 80 ahdomeleabédi wikal 66rt beappbsenglectrical
i nventi on contro%ger 4 can deteinine a differentia

bet T@BRECHECHDst r Wﬁﬁs@saﬁl@ TBSLHPERNYaARE théve

downskh BgNt-OhBEAEAEs, MBASH! 88ERl crdbenti-bieELS] 1 86 can
be any representation of the difference between the

pr eBEaFess bherdalveneantral apgnpdapn@rerenrersehese
38 d 0
Qﬁgy?f@&“f%{g?gégéggsﬁéetﬁgn§8§gé coﬁ@fofxgggbgl.

t he eren e represen as a pres

val ue 12a fraid, (4899 &a)lbguid) acangmatehaflogy aontrol
particul ar_ _vol tage val ue or in ané
n

ot hafvEee mdd at l‘?%p?%seﬁgg%giﬁ]é%g‘i??m%%%% Hatam

thepPEESSHE € o JBASUERIBP 6 LRALERIE CF14¢ E8R:£OTPAER:ce
the 5 differential to a set point to generate val ve

conBPoat wuighet 0. acipstiegut prasyucentensoschenand
(e.q.. o ortional-inte_ral_é"Pl" contro schgggéam
b1 oROVRTBFERE RCURAS QEFTUAT 98 (2P PJoLaHE ; OF
schef@ss@fe algrd hes 6 Cond r ddwiasHesen kipyEs@fe devghapeds,
10 in ,the art). Based on control signal_50, valve 44
canwhich can be digital or analog signals that represent
the pressure measurements at upstream pressure sensor
38 and downstream pressure sensor 40, respectively.
Controller 42, using, for example, software
instructions stored on a computer readable medium, can
generate valve control signal 50 to open or close
valve 44 to achieve a desired flow rate based on the
pressures measured by upstream preésure sensor 38
and/or downstream pressure sensor 40. According to
one embodiment of the present invention, controller 42
can determine a differential between the upstream
pressure measurement and the downstream pressure
measurement. The differential can be any
representation of the difference between the pressure
measurements at upstream pressure sensor 38 and
~ downstream pressure sensor 40. For éxample, the

differential can be represented as a pressure value
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open or close to regulate the flow rate. Calcul ating

flow rates based on the differential between neasured
pressures at upstream pressure sensor 38 and

downstream pressure sensor 40 can provide 15

accept abl e accuracy at higher flow rates. However, as

the flow rate decreases, the signal to noise ratio of
upstream pressure sensor 38 and downstream pressure
sensor 40 3@5 ?egone so | ow,tha gt i S difficht Lo
make' 49 -acdIPafd ! f PEwPafle SEIPEYI BBV BRIbEsBET6ACEABT 20

di f frnenidealadhieMgasyr.ed 1poeasy esx LA ahbebtwerdSormat
at low fl'ow rates, the pressure differential can

becdhati mebresents &ber difAsrsaceThebWgpesshehpsessure

| SSHRe FOBRERLLET $2,:3099E0 A9 Lan0BExpERAdLAEN Of

the présént "invéntion, can switch to carculating the

25 didferaheibaseéd anskhepphiasstivegaragatedvafiva control
sin%Le fIgm;sensor“ Controller 42 cin cglcul te the

f1 oWiRed BYsBHCOEHINHe thr BB¥UFRNEERS OBy (©-9- -

par Preiodt 1 BhEISYhe e aaog“p@a§e6996r5m0§ehéheud

dynam ¢ equations and/or 30 enpirical conparisons of
senpsepessdpngd-iotepswl-desivaesvabli'ERBd) dgpphgol

cal i_bration, Accordi t e ' of e

o e SERERERURR fon, oFPSn 2aRPFet “THREhE Rheth bl caepgioped
cal iithr ahedagt) L nsBakkat bancbatrdet etghag the valve 44 can
correl ati on between sensed pressure at a particular
senSBFPaRd Fﬁ@SFIBﬁ/Fﬁﬂ@lﬁﬁetFees§%?@n¥ﬁﬁe-mhich fl ow
control éQngfaQQngsfneﬁtggkeg-bgééa 6aNthel AkEdBential
cali brating ow contro evice 30 to account for

pr ebstiweeh omsesuradsptebgureapahenpstdeamspreasuogé sensor

fl trol device 30 that affect the calculated fl
at e BAedOBRSERESICRFPOFUEF oRCAEBht 101 FaP B3OUARS

gengeatptyBl¥eac8RtEBY 8LORALNEP FESPORStYS.t OHAwdPer, as
pressure signal froma particular sensor (e.g.,
the flow rate decreases, the signal to noise ratio of

. upstream pressure sensor 38 and downstream pressure
sensor 40 can become so low that it is difficult to
make an accurate flow rate calculation based on the
differential of measured pressures. In other words,
at low flow rates, the pressure differential can
become indiscernible from noise. To address this
issue, controller 42, according to one embodiment of
the present invention, can switch to calculating the
flow rate based on the pressure measured at a single
flow sensor.

Controller 42 can calculate the flow rate based
on the pressure sensed by a particular pressure sensor
based on known fluid dynamic equations and/or
empirical comparisons of sensor readings to flow rates

- established during calibration. According to one

embodiment of the present invention, flow control
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upstream pressure sensor 38 or downstream pressure
sensor 40) to regulate the fluid flowrate. It should
be noted that when controller 42 is generating the
control signal based on the neasurenments of a 15
particul ar sensor, the othgg sensor can be in an "off"
state or can continue sending pressure neasurenents to
controller 42. The switch between calculating the flow

rate. based on a differential to calc flow
r at 8eV3F%H a0 Fagh Qaﬁllg?§§ﬂ}reg ﬁEa&Hfsgaihﬁ Sr

par i@l f¥ eIV r3eN80k 0rdBe@Wedh 8End8BY pressure at a
arbitrarily defined point. By way of exanple, but not

||nnpanﬁumulaIC@@mﬁ@ml@nd4zh@aﬁlﬁakéa¢ﬁe1@w¢b@hsmﬁéﬁm in
thewﬂny (g%lé§nt %ﬁgg%%l%%f 0 n&%%t%ﬁﬂ dfatQﬁls can

pressure neasure |cu af 'Sensor
bel@mdaudauaauﬂbmdth@geElom chatirblcteaticen$0i koeiatheunt
or both sensors exceeds a limt where a Sln%@ sensor

W

vvoul T PrEFSYE e 155852 EalsE e PY| 6RIPPRERE Sofewnstream of
b%e%bnﬁEoﬁh%egﬁéﬁe@b L AUeNLIFeR cgaRhe3R a1l ¥ER A Flow

fIOM/contr device that conprises an inlet, an
out rette.a Beessiuos kbis chadbmatiiong | godtroller 42 can
comuni ca

et ball bl SigBld bPCrReboRb R bl |

andpzegeireOklighal THeomMPat paalt puessuEensersde . gan
measure an upstream pressure_and t he downstream
pr e§BSFECIENPELSEHRSNERBEPE 48d6RNSPHBERTFPES PEFESUSE

CNeEeﬁsBErﬁggr@Bg§e Elgkgm%ﬁétﬁiglhh IBQnEEQELerI%a%hould

generate a val ve co tro signal base
difberantbdlthatthheneasntedl@eeséares.gémamaalsgcmhe

NS 2Lt SoLaleR,oLhic COR oL Ler can senerale 2

%Poagﬁtﬁl%héﬁa%ﬁ%oﬁwﬁﬁbr BRRLR 8854LE S8AS®e iFh@n “off”
state or can continue sending pressure measurements to
controller 42.

The switch between calculating the flow rate
based on a differential to calculating the flow rate
based on the pressure measured by a particular
pressure sensor can occur at any arbitrarily defined
point. By way of example, but not limitation,
controller 42 can make the switch when the
differential becomes sufficiently small, the pressure
measured at a particular sensor falls below a
specified level or the fluctuations in either or both
sensors exceeds a limit where a single sensor would
provide a more accurate flow.

Thus, one embodiment of the present invention can
include a flow control device that comprises an inlet,
an outlet, a pressure loss element in fluid

communication with the inlet and the outlet, an
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control device can further include a valve that can
open or close in response to the valve control signal.
The controller can automatically switch between the
first node of operation (i.e., basing the control 15
signal on the differential)yand the second node of
operation (basing the control signal on the pressure
at a particular sensor) at a predefined point. FlIGJRE
2 is a diagrammatic representation of one enbodi nen

ment
of 5 FO1° SFARC &85 OTr| BwCSRPLEE ) PAEFSEE S36 N 0T

can dmelddrAirdinledt. 32hkoipseeeaw PeedsuileOWenaddr can
outlet 34 for directing a flowto other conponents of

a fIRRRYES @R URSITGRTD RTSEGETS5 AnFothed CoUEstAgaM ui d
fromidl 32 3 QUG R%sudeP %eg%%gm%%%%@s ¢lemnit .

36, "an upstream pressure sensor 38, stream

pr esigre ssefisat 4Gnge odntfiloWl eatés,t dhegepatatd lar can

val ve control signal, and valve 44 to ., reqgul ate
SV EoRE e 2 ene

f I uiEPE S S opkrofde SpRFd OGFESo P nal .

Contdid feflertd a920 1 @EQ1 WRaShRBal prisamrdRst r ead®r 30second
pressure sensor 38 and downstream pressure sensor 40

r eprgsast iofg filke we4sdr edther esstireldent kenr gspeceitpea
sen%%&VeT@%n%E%&agiggglb%a%gdagﬁl%geo r%%%u&%lmgkgﬂégd at
5 ‘that ntt préssure by

|
can repres e neasure r

vol ttage uplserebm a% HoWwastepeaspibisBgreheecfi®@azur ethe flow
pressure Qr _in any other panner known in the art

) any .
ConCRtred @?Vleﬁncéét@PﬁFH@ralHFﬂpgﬁeﬁtWéﬂvﬁeF%ééncan
the jpRasyrediaspr ﬁ%g%ﬁon@é tor texagRhee generahi B9 gRal.

di fference signal and/or calculating a pressure
di f Teeenoatroldetr chheput@matincgdiyr swétahy between the

ol .signal _based on the.differential .or based
o BRESIIPAS O gRAFTPEREIVAY- PronPeRd BpsoPe A bR Lor

dowas ghaamohOtRECasHERraARSAN) Makvendd seabnapfBder of
Cloggeration (basing the control signal on the pressure
at a particular sensor) at a predefined point.

FIGURE 2 is a diagrammatic representation of one
embodiment of flow control device 30. Flow control
device 30 can include an inlet 32 for receiving a
flow, an outlet 34 for directing a flow to other
components of a flow system, a flow passage 35, for
directing fluid from inlet 32 to outlet 34, a pressure
loss element 36, an upstream pressure sensor 38, a
downstream pressure sensor 40, a controller 42 to
generate a valve control signal, and a valve 44 to
regulate fluid flow responsive to the valve control
signal.

Controller 42 can receive signals from upstream
pressure sensor 38 and downstream pressure sensor 40
representing the measured pressure at the respective

sensor. The signal can be an analog or digital signal
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responsive to the received val ve control signal
FIGURE 3 is a diagrammatic representation of one
enbodi nent of controller 42. Controller 42 can

i nclude an analog to digital (A/D) converter 52 to 15
receive signals fromthe upstream pressure sensor and
downstream pressure sensor and convert the received
signals to a digital format. Processor 54 (e.g., CPU

ASI th k in.th t '
A g S BERR B IRl D8 R0, FROEMEE
20 mRaeUl edsPHassUrepreasdteacuhat peasdicbtiepeptbalkre or

Based on the differential or the neasured pressure
fro#ﬁeapweptbﬁé'@g§pﬁéakﬂewndéﬁn§bﬁeaﬁﬁsenE@PFroller 42
Pr ocess A+ 2GR %eﬁi%%E§eﬁtgh§'B@kwéegtEﬁé fkbg8dked
that represénts how nuch a val ve shoul d open or close
25 tpreseguleat, e byl diodt Elkewpld, Dgeoavetting B2dd¢dference
convert _the digita e _to_an_anal o a%%e contro

Sy kSphay Felel thachiatSsboanprarsuin, B ErEnte,

-t hecvalve11Rr0aes$ah génezBtaeneral ¢et Bendirgit aignal

control signal by executh& a software programthat
canbaged; pel the difdereptlalgeri PRALIsPBr EBCaprgssere

of ter LUGtL.on 6 r

o oaSJPRY Seck TSR B 2pSATAUL B3RS o
magpetksuté sehebage, Vvapvecdad shar agenoprothese

conput er readabl e _nenpry, L knqwn gn t he

\ rt), .
accE8SPBREiEE EPOEQ?SBFCé&Ye | K2oNE FBR r8¥L §parati-on,

the cont geLyakgaer K 5hE a2AgrusRaeRer akpreseakhpidhi 88 one
and/or factory paranmeters’to 5 calculate the digita

conembbdiingnsl offasedtonlihe 4diff epphrpdlepetvesan

measur ed ,pressures or, i n.another d ati,0
ChoHERingl &8 BhRT o ronfli BEEa I rin/BR oBeRhs BheL 5a0 o

at aBcHPSEr saghalsdgwost tRaNMupBtesanl freessee tensor and
calculate the digital control 10 signal. The contrq

al g@pVRARTEaR RUCBAULECARNOT and convert the received
signals to a digital format. Processor 54 (e.g., CPU,

ASIC, or other processor known in the art) can receive
digital values from A/D converter 52, representing the
measured pressures, and calculate a differential.
Based on the differential or the measured pressure
from either the upstream or downstream sensor,
processor 54 can generate a digital control signal
that represents how much a valve should open or close
to regulate fluid flow. A/D converter 52 can convert
the digital value to an analog valve control signal
and send the analog control valve signal to the valve.
Processor 54 can generate the digital control
signal by executing a software program that can
include a control algorithm, stored as a set of
computer instructions 56 on a computer readable memofy

58 (e.g., EEPROM, RAM, ROM, flash memory, magnetic
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switch between the first node and the second node at a
predefined point. For exanple, the control algorithm
can swwtch fromthe first node to the second node when
the differential drops below a predefined |evel. 15
Processor 54 can determ ne jghether to switch between
the first node of operation and the second node of
operation each cycle or on a predeterm ned schedul e.

The control al gorithmcan cal cul e the di |taI
cont?ﬁﬂraﬁegnaﬂp ety HA%EuPEr © %&P& Srdsble

usi 1030755)04 Q8w 115 Ghey Wi clcl ts'i%l%”b | i 54,
but not I'imted tlo a Pl 5@3 m():gl fSI ed PID vvlﬁt}ﬁJ of f set

or oﬁme}na:@md%loﬁlcgmnqmmnkn@m |cn>ntt|¢@laratlgdméma§ia@

ope | QI [ rr ﬁr I

t her}?g&or Ejeé'{ae%rfe 125%1;?:: o?‘c%ﬁlﬁl‘/ valve C% P%g%q‘%ters to
cor reeqitcad. gy dfh@lccﬁrgadtals cootrellt edgfnradmhﬂs@d aln the

f or npt to an analo nal b A/D converter 52, .and

t he eser SR SHE e RESSE V% S0 Fagdt @hother
CUr infye ‘E)‘:‘En‘b%’etxeartfd??t 1§i’fe' ¥eaithBe ARk RIS W3l the

new position. 30 Cont’rol I 'er 42 can incl ude additional

i npaﬂe/a@untx}@lsﬂt pnmﬁama |att1 @8, UPsitreranpire dovmsttnsiamer 42
can I serl erfa

CanPEeEE, sRriih, Mo, B AFR1AEE kR UARY AL, cong RS o1

| NSisig@kilons The cobddidli @ﬂgbh:;ithﬁloetaholahmbnéh@&aly

i nclude network interfaces to conmmunicate with other

f 1 oRvdSRty Brtvgsn dbe figstnmeteainde thsnmsecens srde at a

Othﬁ&eggf ﬁ%dS %@BﬁbleF%E %QgﬁﬂﬂbcaEhggc%%% @hglgorlthm

net wor k instructions” can inpl enent
conteal swattghr |ftdmm ithea fiiastemnpdef toather sechard mode when

R TCRE EL THE A R T
¥?gag?ggggszrgg)%%gdahkﬁ&ﬁmhéahh&ehé@,t@rs%ah%%l%@%%een
the first mode of operation and the second mode of
operation each cycle or on a predetermined schedule.
The control algorithm can calculate the digital
control signal for a particular mode of operation
using any control scheme known in the art, including,
but not limited to, a PID, a modified PID with offset
or other control algorithm known in the art. The basic
operation creates an error signal. The error signal is
then corrected for the particular valve. The
corrected error signal is converted from digital
format to an analog signal by A/D converter 52, and
the resulting analog signal is sent to a voltage-to-
current converter that drives the control valve to a
new position. '
Controller 42 can include additional input/output
capabilitiés. For example, controller 42 can include

a serial interface to support administrative functions
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a set point. As another exanple, rather than
digitally calculating the differential between
neasured pressures, the controller can cal culate the
differential between neasured pressures by generating
15 a differential signal ughng a summer. In this case,
the control signal, in the first node of operation,
can be based on conparing'the di fferenti al signal to a
set poi.nt e second rgé e .of S er.ation,

€s

cont rIlez?S g S G o % set 20

poi mddieimuﬁarb@@ﬁmdxatm e g1 el et wddkGURE
4 is a flow chart |IIustrat|ng a _nmethod of

cont¥IFFRCES WP RABIHI IR T Worid: i ekt gfontirol
Presgil &e%éﬁhlgéﬁﬂ%%n@u@r@%% G l?f‘ev*lce

i mpl enented by & contro I ng one or nore 25
pr oo:mmhs]se exE cxdnongn iscsEih o foveonEutrertwardt £ uct i ons

(e.g., of t war e ra stored Q conput

readable %ﬁ% 'éh?ﬁ%ﬂﬁ Wﬁl?%égiuﬁhﬁ cgptrol
I npul R efs 4 r’vél%f@:ryatdﬂ?%@rf&@ rolpsyt Madmple, the
i ncl udi ng pressure differential threshold 60, preset

30 fauvecsl m@nalorf:qgarkmr@caeq@ R JORRHRIRG [dwalculated

cali 0N, par anet I

cal ‘% Z_{é QE qa rEl‘:“cfdrftbase% IP%:% o’lspJ feree'lt I nPgreet%\;\%/rel'lerrﬁa

18 dirasareatt irlesaiings mn:tﬁaqMMatﬂd%fknwzratgtﬁaﬂdaﬂ to
sensor. The jnput paraneters can he stor

conputs&t RHEdEL e Afe dRHPES, g%.%aﬂwﬁﬁ e &4@'1

st Om%ﬁt%q\if%élrcﬂéﬁrngc%mmﬁrfﬂe%@ﬁmaq RAIHBAKNOWN
5in tthe art Pressure differential threshold 60 can

be meeduned dm@smm,th@e deatgmdthey |can siiaHese the

b h | b
i 1 FRrd s iheck, SER stecl iR S bl Yetitigt ing
10 gersTFdrerswie siderar disigid @ eraneodiTerdhief ddwe,

the control signal, in the first mode of operation,

can be based on comparing the differential signal to a
.set point. In the second mode of operation, the
controller can compare a pressure signal to a set
point, rather than a calculated pressure value.

FIGURE 4 is a flow chart illustrating a method of
controlling flow according to one embodiment of the
present invention. The method of FIGURE 4 can be
implemented by a controller having one or more
processors executing a set of computer instructions
{(e.g., a software program) stored on a computer
readable medium. The controller can use a number of

~ input parameters in generating a control signal,
including pressure differential threshold 60, preset
flow calibration parameters 62, in situ flow
caliﬁration parameters 64 and set point 66} and can

‘calculate a flow rate based on a differential between
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present invention, pressure differential threshold 60
can be cal cul ated based on the downstream pressure,
the differential pressure, the supply pressure and the
val ve position. In determning pressure differentia
15. threshold 60, fluid cangbe run through the fl ow
control device until a differenti al pressure of

approximately 10% of the full scale (i.e., the supply
ressure} of the flow control device is. achiev
exampiE 4% tﬁi@%ﬂﬁ&%%@ﬁjpﬁsﬁf@oa&su PEf 156‘ ar

contdQdc¥. cathaadingift g avlvedsiidn b ditbiretenti al

pressure of 10 psi is achieved. At this point, the

dowRsmRtA 1 eeasiakd e e diamy d ep it RO c RMb e RgASH 6

by t tr et.er e
G L e e e e e
25 am iumd cattijan of the supply pressure and the

effective remaini an of. the val th_t

above vaIPd%?ss,S"tIP?e C@%ﬁelr(ﬂ%%l@slo eoﬁ% \cll'Fi GtéYﬁ used to
CONIQle AL GrHed e RIRIYHINRG: %ﬁuft@h'e%%etween

Res= (dP@ﬁ(vaIve position%)* val ve resolution 30
(ps@ﬁﬂﬂﬂ@tqnthﬂe ORI L aﬂguﬁdlﬁﬁéﬁ@hﬁmaﬁhﬁressure

as ent.a I e of the

con{%ﬁ‘%l%re ee\?t&%% %@t Il?’v%’%g%’s |on e% |r§es K& %e Cé:%‘_%‘_’cular
t he sealsed] ipFesepeRr. Vad@rddse tid ohe ebdoddmedit odn the

- of the particular valve, typically determ_ned by the
5 vEFEERENdPIeRen, PresRyrEostifderraddrdt tgﬁe§§°|1d 60

det gL ped ég cLﬁQtedlba's%d %UftfHeC IR st e ATRHesE0R e,

to a desired control 10 resolution val ue, neaning the
sl opkei gitfdersinglialt beesoumesl tde caprdd) psEsshgey alnde the

to ac %%v%o%lga%per

threshold 60, fluid can be run through the flow

In determining pressure differential

control device until a differential pressure of
approximately 10% of the full scale (i.e., the supply
pressure} of the flow control device is achieved. For
example, if the supply pressure is 100 psi, the
controller can adjust the valve until a differential
pressure of 10 psi is achieved. At this point, the
downstream pressure and valve position can be measured
by the controller. The downstream pressure determines
the “load” of the system and the valve position gives
an indication of the supply pressure and the effective
remaining range of the valve.
With the above wvalues, the control resclution of
~the flow control device can be determined as follows:

Res= (dP%/ (valve position%))* valve resolution
(psi/step) [EQ 1]
_where: .
dP%=differential pressure as a percentage of
the supply pressure of the flow control device,
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;dlfferen

pressure differential. When the control resolution
yielded by [EQ 1] is deened sufficient, the
corresponding differential pressure can be sel ected as
15 pressure differential threshold 60. This point acts
as a proxy to the point at qyhich the signal to noise
ratio of the sensors prevents an accurate pressure

di fferenti al reading Accordi ng to one enbodi nent of

the present invention, detern1n dlffer al

pressure t hréshisl PUVY &R He e P@EC %E‘le 675191"3‘7’ is
by the contr@®9%r. It should be noted, in other

enbodi ment s V6¥ %é%@é@éﬂonmm CGRO. Iptéopupd the
dlfferentlwP&HﬁMQﬂiﬂnjWﬁiWﬁﬂwumphﬁﬁQMmmhéerﬂ9n@@h@W the
schenes or o@lvee mpardiantvesrarbitrarily. 25 In situ
flow calibration paraneters 64 can include paraneters
calculated for a particular flow control device based

on installation of the. flow _coptrol vice |n | ow
Syt om I HECHRD PrRbFoLaFRPLET TN a7 Rt eruied o,

the ip Cistf§§u§§¥b£§§t3pnd@3ﬂ% ff@@ﬁfE@n&tﬁg%{féﬂyControl
control device wi | fect the pressures sensed at

t he ¥¢nlehor ovatewi deeani/mlidl@ m.’somwma‘w Ihighe the
ol { eGlnO0, {100 L8122y 8L L8150 PASE B0y APL eSS Ghor

S gn I can

r at @ﬁ@ém&@tmfémm@ et rh cw@rcmm@y 'S SEN$OL on
Therefore, _.a flow control _device can be recal.i brated

af t SF G ARGt IER: tH B3tdasmed FH Sieirttoihe
I
ggv:ﬁgéﬁb&?{@%ﬂ& ;‘?Egﬂa pRASSAWY L0 h?é’%l?ﬁé@@@& as

insSitubc t1on can be done
exarppi@sttx;e n:ﬁrﬁt%énteyntmﬁ eirhm@slw]si el spethis pomAtiuescts

;¥ an auto qﬂbSOft re co q{l d devic .
rout $& °t o°'1“'r e 4 S Pty to noise
det efgding df_hetﬁé W £ PASRchioh dihes desstl o RdsSure

particul ar sensor at | ower
differential reading. According to one embodiment of
the present invention, determining differential
pressure threshold 60 can be performed automatically
by the controller. It should be noted, in other
embodiments of the present invention, pressure
differential threshold 60 can be determined by other
schemes or can be determined arbitrarily.

In situ flow calibration parameters 64 can
include parameters calculated for a particular flow
control device based on installation of the flow
control device in a flow system. In situ flow
calibration parameters reflect the fact that devices
downstream from the flow control device will affect
the pressures sensed at the flow control device.
While this may have little affect on flow rates
calculated based on a pressure differential, it can

significantly affect the flow rate calculated from a
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10 flow rates, calibration paraneters 64 can be
establ i shed, in one enbodi nent of the present

i nvention, based on |lam nar flow of a fluid through
the fluid control device. As long as the flow rate
corresponds to |lam nar flowy conpensation for fluid 15
vi scosity and downstream pressure | oses requires only
an of fset value to be used as the in situ flow

par bt by CURSE ARERRhr S oaeihEF arotbPEfkey 14, F20n contron

cal ctibal tagcanf bewreaseibaseddoart@d gastaypetidhorvs
control device setup or_other_paraneter. Preset flow
cal i BF et bhsPat Andt e sT 69V caRl 1BE2BSPRAPREFRYEers 64 that

accozdiHgnt OfSPde%ééfé&hoﬁe{r?EQQ' qu@he kI‘:‘i’V‘é‘lt@ the

art. Set point 66 represents a desired flow rate. The
calc@&hibﬂatiQM/canebea@ohe,cﬁqpaesdmﬁsetdbxema@uahly
66 to detern1ne t o$ # ted
Set p%‘f?ﬁl%% %%ﬁ %‘8 Er%%%’r %:ic H%?u ‘85 y a% gpate

exangd Bt wrdé egoh r SO @é'\rl@éﬁ 25uOPRE At OBecMse i Fhany
manner known in the art. The controller, at step 70,

can Fer el F seklk etyw%lax uPehRRRENE e ahlestaam
d t t
ool OISR MRE FoSU Ere DA pEFEi o af SndSr £8Mover
contfrlodw eratoas, cmrhdmsa@jlontm::mmétedrat@ﬁ qaEEeSiselr e
di fferent, al re r ferenti t hreshol d 60.
't A S e U (SO RTRY e | T 1 SR or
t han (RF IRSIHE, %ééeﬁi%ﬁlﬁmﬁaﬁ ek doBla £OMd Oth £ gh

pass to step 76 otherwise 5 contrel can pass to step
78. the s:&lepldrezortﬂcﬂeolcmvm¢ er Banlerd cus dile t oy | vake

2SR A ¥, LESLADT) Ay DELRL RS Sty

Thi sricaio i vl aired adsaish fgarh o BeysSededsddIrequires only
an offset value to be used as the in situ flow
calibration parameter 64.

Preset flow calibration parameters 62 can include
parameters used for calculating a flow rate based on
gas type,-flow control device setup or other
parameter. Preset flow calibration parameters 62 can
be established according to any calibration technique
known in the art. Set point 66 represents a desired
flow rate. The calculated flow rate can be compared
to set point 66 to determine how much to 6pen or close
a valve. Set point 66 can be updated automatically
by, for example, a remote computer, by an operator, or
in any manner known in the art.

The controller, at step 70, can receive pressure
measurements from an upstream and downstream pressure
sensor and, at step 72, cén calculate a pressure

differential. At step 74, the controller can compare
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10 calculating a flow rate based on a differential in
nmeasured pressures known in the art. At step 78, on
the other hand, the controller can use in situ flow
calibration paraneters 64 to determ ne the flow rate.
This can be done accordingajo any schenme for 15
calculating a flow rate based on a single pressure,

i ncl udi ng conparing the nmeasured pressure to a

cali aho e, of f rat.e r_exanple

h  Ha8eRlri Bt ke s R F Gl Har CoPoBERar LOrpErararE

r eadabFecpedt U8l ateesshbla by.t hefcener ohien)lat@ ghessure
controller, at step 80, can conpare the calcul ated

f1 owfihferentiadeisparaaters thag PEBFSHEEIlfbRECRBial

equa{h&@@héf& @@'nEonigsggggg géggrtoagt§ﬁe@6 82th&MRise

cal culate an error gal n n the pressure froma

partco“t30159ﬂ30P3$3 go, sthp ABasur ed pressur e 25 from
t he downs rsel
does equa$£ %H? b rSXE?FoF¥8r gﬁuiate “flow

cal cuhaé eb&él@d eéﬁ théadﬂfbé@éﬁtﬂﬁlt Betdeéh ezh@é]éuﬁéd
bet ween the neasured pressures (step 84), At step 86,

t he RPEREPEreerushing coRoert fhevefRoiPgaFHoR PARREAREDY 62 -
30 v t n % e

cont PFE SRTBF 93hG"BLpTEH: GITEUNLE8 Soh e Rbx
repeaabmhléﬁhngtasﬁbu#drhﬁenb&sddtbata difSerpnT7ialt he
control |l er determ ned ether to calcutate %|OMI a%g on

bas PR REFFTHERT i SPOTR #RabliFe@®br esBhir 858Rr

basethOnptiier KA U €ndt cénPRb116H! 86nSEHS0in IS Plow
determ nation can be made each tine a flowrate is to

be ceatibeaicihn |proaneterseefbotipndateshingethpe eEbpw rate.

"o P T 8 AT G EBE ARG UED, By RERRECREE o 1
I n tdd Scwerdodigrent £ Dbw t het priesestl bavansingletpeedure,

controller can calculate the flow rate according to a

including comparing the measured pressure to a
calibration curve of flow rates (stored, for example,
in the memory of the controller or other computer
readable medium accessible by the controller).

The controller, at step 80, can compare the
calculated flow rate to a set point. If the flow rate
does not equal the set point, the controller, at step
82, can calculate an error gain based on the pressure
from a particular sensor (e.g., the measured pressure
from the downstream sensor). If, conversely, the flow
rate does equal the set point, the controller can
calculate the error gain based on the differential
between the measured pressures (step 84). At step 86,
the controller can convert the error gain to an analog
valve control signal and communicate the valve control

signal to a valve. Steps 70-84 can be repeated.
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particul ar node of operation (e.g., according to step

76 or step 78) for a predeterm ned period of tine,

bef ore determ ning whether it should switch to the

ot her node of operation. Mreover, steps 70-78 can be

15 carried out by a nass flagw neter to determ ne a

flow rate. In this case, the pressure differential
threshold 60 (or other preset paraneter) can be
arbitrari et er m ned, descri bed ip_copjungiion

o o Frart SRR BSGapfEd FREL: 2R BEeBar bl Lheq
basetbRBrbhee prescerRinegadh8ghbrotbacsloghatsenson byte

calibrating the flow control device at installation
to RXDEAtORoEhe neifpereBhialdinpycaaysed Byessures or

d h ent §. s
ChassEaRE RO Ssu e At0E fRYRICHCAl COMRBRT T fnis
can aetermifanbentodnngei msadénstahl eilpet Befibewrate is to
control unit.is nove a wnstream filfer becones

Coats cetltitafed t ohh nanoRET hBam nent Shr S EBReBtesent
procassefidhy Bhierdevenhin8eeYhSchhabe CRAdAl feEbrENRy to

sensor readings. 30 According to one enbodi nent of the
pr eseritredelimd ofchedaleohe r 8t | efVeldi A BoAphsegonds) .

i nst |.ons in iu
oo et At (o LRTPULELAEALALRLIBHL Phe

bot kecoft tdicl enpstare ara l @ntla tlownisé r Eaow seaser sctorébsgreo a
t hat the pressure ng?surenents of the sensors,do not

flu BiitsieAe L CRREF TP r Sfigd: - FFCekaMpr etoj step

the MpYF @B 1 ESEF 6 SORSQE B PRASM 8Ser 734 PSE Be,
t he downstream pressure ‘sensor neasures .25 psi

p
dur ef eradidglemei nime cdsstheheltoshowld eswihphbeo the
confj,qured t erate , an alarm.if_the downst
sonStT o dieste, i oReTatign ) Jidkeovert, $EPS705 8 sgan be

- psi ddifrfieye rhutaly dirmdgs tHeow Onslt SPENS edPEOERSBe a flow

while controlling wth the
rate. In this case, the pressure differential

threshold 60 (or other preset parameter) can be
arbitrarily determined.

As described in conjunction with FIGURE 4, the
flow rate can be calculated based on the pressure
reading from a single sensor by calibrating the flow
control devicé at installation to account for the
pressure drops caused by downstream components. If

- the downstream components change, the required offset
may also change. This can occur if new tubing is
installed, the flow control unit is moved, a
downstream filter becomes restricted, loose tubing
shifts during a dispense process or any other event
occurs that can affect the sensor readings.

According to one embodiment of the present
invention, the éontroller, using computer instructions

stored in a computer readable medium accessible by the
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downstream sensor. An al arm based on a fluctuation in
a pressure sensor can indicate that the system has
changed, requiring recalibration of the flow contro
device or that the flow control device is not 15
functioning properly. If thg controller did not
nmoni tor fluctuations, the downstream sensor reading
could increase to .5 psi (indicating a .25 psid
pressure i frease fromt stem

20

P onr et rerErEacton PO LhSR oo T apbbh o rehpounat grm

20 fAW dahestLedin, sSR%PE thechsliedl ehet ¥vBEUBYessure
FIGURE 5 is a flow chart illustrating one enbodi nment

of APRINEIRERES pPhcEle. sprserepdoonothElugkhakel peEside
(o S8 L Lol P e TERL D L 6P § EAG B85 Eream

contpxééﬁmratssms@rﬁzmeaauresnpaﬁepsheandrthatdownstream
pressure reading to one or gﬁprevl gress e

P eadi TRRSTGE dRTRTOR TECR FREST LcEaab P bnoR AL bfiea prlbSREPES
senwocéés t hend | 86 uas1 0o f ééhsbéué§h§§?ﬁf:eé 969§8h%(r)ate

range, det er ni ned at step 93, the confroller
ste@rg@mmg:eﬁetla@ edownatream TeRSArareadanopbside of +/-

emai loQd | £AL o0 20 AUd] Bk S8] alfTkr@r dhSVR ) BhAEMhg the
or any |on 0 error condrtro nown
24 dﬂhﬁdﬁbéﬂﬁroéﬁé¥$ Wit D4 eamt opllngl ¥ithethe

repeated. The nonitorin process of FIGURE 5_can
inpldéi’f@ﬁté'd?‘al%lss%l%%‘f oflg% Iér ?T’l‘%‘t’lr%t‘?oﬁ%uﬁu%ﬁ%f"n in

fl oy enntdOlre dGMi GO C@i’:?bir?dféa%el@ﬂét ngn& OE?EE&E has

instructions and 51s not limted to fl ow con
devickesgetht nﬁqnmxkngrm¢¢a¥ﬂhmmbd@nfbﬁmth@nflgw agntrol

o o AL T Rk STPBRE S CSRbTRers BOL
enb@djﬂ&rﬂorpifng’:t 1;5 SYEEDP! IDF €iey i 668001 1&F odhid 1Rot
control device 100 can 1nclude an inlet 102 for
monitor fluctuations, the downstream sensor reading
could increase to .5 psi (indicating a .25 psid
pressure increase from the system after the
controller) leading to change a decrease in the actual
flow rate (e.g., 50% of the calculated value).

FIGURE 5 is a flow chart illustrating one
embodiment of a monitoring process. At step 90, the
controller can receive pressure measurements from a
sensor (e.g., the downstream sensor of FIGURE 1). The
controller at step 92, can compare the current
pressure reading to one or more previous pressure
readings to determine the fluctuation in the pressure
sensor. If the fluctuation falls outside of a preset
range, as determined at step 93, the controller, at
step 94 can generate an alarm. The alarm can be an
email notiﬁication, an audible alarm, a visual alarm

or any other notification of an error condition known
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receiving a flow, an outlet 104 for directing a flow
to other conponents of a flow system a pressure |oss
el enent 106 (e.g., an orifice plate, snall dianeter
tube, a constricted area or other pressure |oss 15

el enent), a pressure sensoryl08 upstream of pressure
| oss el enent 106 (referred to as the "upstream
pressure sensor") for sensing an upstream pressure, a

pressure sensor 0 dowpst peam of essu | oss

Cl enbht CHOGEkof e FeiS t 30200 e ABhAGEPLLM BreteRpated.
20 SERSOfonifOFiSgNStHEeds JOANBEEERM Br 88AUBE, ifplemented
controller 112 for generating a valve control signal,

and &s val st 194 @@nlguteia insbrucihgngaie aavvélow control
popp v tier

a1 oo G Ve i 1of SafotBlS, pOnRREHE kB rbE  ons ana
r espisioe Iimiﬁ@dVﬁbvﬁloﬁntontrslgﬂabltesregatap50v1de
fluid flow Upstream pressure_sensqr 108 and

dowf&tFekite gheds F k0% eRSBFr 21 028 afeBET &QEQC iRafigeiunction

typgy it BZEES4 t{ve type, a transducer or other type
of 30 pressure sensor known in the art. Controller 112

can be ﬂifﬂ&ﬁj ¢ ol sipstdbagr pressie erepnesentBjon of

domn tr.eam es ure sen O and val 114 vi for
exanp 31 TP ﬁo%n% |on§n yhgﬁgﬁ %0?00. Flow
ShO\Mbrﬁﬁfo]I hiévﬁ?é(elm Sampih€lede &heinleanibe for
intervening logic between controller 112, upstream

predSiRed Widks v B!, ViRt teland Bf e5str @1§§ﬁ§6¥191§0f10‘”
andﬁU“&ﬁﬁéE“%o@ﬁ%ﬂ@hé%]&f'&a@léﬁré §Eehn05ugfessurﬁeloss

conponents, suc m crocontrol | e to process

'valwdamanﬁrﬂO&lgmag.,amm opehi o plwte,thmaﬂhldéameter

res sive to the v contr ol nal . Fluid contr

QouEbE100 CRRTHA T Sh 257 ParPoheh PFEFAUEONEPOF

?ﬁ}’fﬁgﬁ‘%?’ﬁgf pra!e?giﬁ,%es]\.ll%%gs&l(%@t1@@5\{1p§{:iééng\bt| pké8¥tire
loss element 106 (referred to as the “upstream
pressure sensor”) for sensing an upstream pressure, a
pressure sensor 110 downstream of pressure loss
element 106 (referred to as the “downstream pressure
sensor”) for sensing a downstream pressure, a
controller 112 for generating a valve control signal,

- and a valve 114 (e.g., a throttling gate valve, a

poppet valve, a butterfly valve, a pneumatically
driven valve or other wvalve known in the art)
responsive to the valve control signal to regulate
fluid flow.

Upstream pressure sensor 108 and downstream
pressure sensor 110 can be capacitance type,
piezoresitive type, a transducer or other type of
pressure sensor known in the art. Controller 112 can
be doupled to upstream pressure sensor 109, downstream

pressure sensor 110 and valve 114 via, for example,
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element prior to flow ng through the valve. It should
be noted that, in the enbodi nent of FlIGURE 6, because
downst ream pressure sensor 110 is wupstream of valve
114, the pressure at downstream 15 pressure sensor 110
may fluctuate, due to changes in valve 114.

Therefore, to determine if the downstream system has

changed and recalibration is necessary, a third

sensqr added ownstre f val ve 11

oo T PRERL PR QIR ASa ¢« HF COME S2oT reneh. FoF  Hhe
20 eamemBfi BAmpefyctiadtdNSan P Dsset-ecfing h:eoglc
third sensor and, if the fluctuations are too great,
canbe*g'yﬁ@natc@raﬁc%lﬂeﬁnnl% 3HOT HepatR ERIF FeRE , Sepeor 108,

Val&%wn@9§é h93>s d%%'EHH§6¥E¥&OIindh§af@evfl4 Valve

position greater than a predeterm ned
anodit, cahe ﬂ&tdmfn rzoicﬂerdecamrgmreemﬂ;se, asuah ag m

FI GURE 7 i tati f
conFFSFoﬂéstﬁeS- #%?re 3% q%a%%gg ?ﬁ%ﬁFrOLfSlgnal

t heaprespah Idwefndém tﬂﬂ oy GaNt Fdpoleyi ¢€ 7O0tgavalve
include an inlet 702 for receivin fl ow an outl et

30 yoatrel eilgaatling Falwu%wq@mﬂéﬂe%moh%t§a%ff1énctl°n
f' ° ﬁm§¥§%f§n a% g’ﬁﬁ%”c%z&%iordgxpﬁce 83§00k T £t @ﬁE 7]12

e processors, nenories and so
26 exneptuthhmniﬁhmd(ﬁﬂkﬂrﬁﬂuwmﬁhmdmghckméqprea$wre loss

and/ for ener at i a valv control signal, and a
val ¥ eW%ﬂ pEigr to tﬁiQﬁ 9 ﬁ Poppet

val ve, art buhlenfd BbeVEHd’c%d %HH@U% 'ﬁ?é'é/ml%dﬁ!ﬁéht of
val ve or other 5 valve known in the art) responsive to

t heFV@URR @onbreclauss gimdnstcrera;glpm%smmu gefson 110 1s

" SSRHLGRIE RO A 2 SR ABER e opgrgen

pr essels SutE8Ns@h J0T0W1 0 layh eFiaidtuadihe, pdlﬁél’@dﬂscl@énéé)s in

P o PL G Hretore, To Glrommine it the ‘tmstrean
system has changed and recalibration is necessary, a
third sensor can be added downstream of valve 114. As
described in conjunction with FIGURE 5, the controller
can monitor the fluctuations in pressure at the third
:sensor and, if the fluctuations are too great, can
generate an alarm. In another embodiment, the valve
position can be monitored. If the valve position
changes by greater than a predetermined amount, the
controller can generate an alarm.

FIGURE 7 is a diagrammatic representation of a
flow control device 700, according to one embodiment
of the present invention. Flow control device 700 can
include an inlet 702 for receiving a flow, an outlet
704 for directing a flow to other components of a flow

system, a pressure sensor 708, a controller 712, which

can include processors, memories and software
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flowi ng through flow control device 700 can be
chemcally inert with respect to the fluid.
Controller 712 can be coupled to pressure sensor 708,
and val ve 714 via, for exanple, electrical 15
connections. The val ve cangjgncl ude a val ve drive
havi ng conponents, such as microcontrollers, to
process the val ve control signal and open or cl ose
valve 714 in ntr.ol..si gna

fILﬂ%P%EﬁxCEﬁoﬁggg?ﬁ)d%gﬁr%h?éag¥$o§ﬁg6ﬂtF%Pw Eake fnd/or

devifen: @hatat M§ta 7P2ivPassnthooughghallyeai@laandlive 714
exit flow control device 700 at outlet 704. Pressure

sensi@ 9708 &Rkl ing PRESsVREVS: gRaPOoPREL WRILE¥R. can
be %d%t%fﬂ 0f 5 PR 09a@ﬁ@&ﬁétiééilgeaﬁéggtgéa%gs or other

pressure ne asur enent s pressure sensor
Contuwadhtesrkivdvn :usltllye a0t ) eemppinsivwoftavdrtee valve control

instructions store readabl e nedi um can
gens e At P ?B? E} gpggﬁﬁ to open or close
val ve 714 s aekd ey@n@oﬂefbms; efath | B &agacbeaﬁ@e%ypag
pressure measured by pressure sensor 708. According

to Pdezanstitiem  typei r‘éWIé-‘Fd‘?@Qr tHBecarcothes tHee of

flo t S gsure

flo r?%ﬁsg’lo%%a %I&E% }p’?oﬂl can cal glﬁ? r?%gﬂ%l

r at apba&@hnorpﬁmtm@ssmgosem&deiayoaeﬂatbl théaﬂuld
preziure sensor hased on known fluigd d

equat-PYAS GridIFRUIR Nt QY N o 1P EhRS E’)Ws@ﬁ%o?e

reaghBgs 0 1fy aMd At 651 th esd ahbdiehed EHE Bluid.
calibration. "According to one enbodi ment of the

pre§entHQiman|%ﬁ2 ddmovbe orupled devi peeFg0reaseheoxr 708,

lib tall
o pBaMRd Y R AN e fE T E 8LERERL 0s ang

t hecf)hﬁ\éédtdtcﬁlsl N thee system ddn Wihehud® &l ouicenttbe
device 700 is installed. This can
having components, such as microcontrollers, to
process the valve control signal and open or close
valve 714 in response to the valve control signal.

A fluid {(gas or liguid) can enter flow control
device 700 at inlet 702, pass through valve 704 and
exit flow control device 700 at outlet 704. Pressure
sensor 708 can generate pressure signal 716, which can
be a digital or analog signal that represents the
pressure measurements at pressure sensor 708.

Contreller 712, using, for example, software
instructions stored on a computer réadable medium, can
generate valve control signal 720 to open or close
valve 714 to achieve a desired flow rate based on the
pressure measured by pressure sensor 708. According
to one embodiment, controller 702, can calculate the
flow rate based on the pressuré measured at a single

flow sensor.
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i nclude calibrating flow control device 700 to account
for pressure | osses caused by conponents downstream of
flow control device 700 that affect the cal cul ated

flow rate. Based on this calibration, controller 702

15 can generate val ve contrgl signal 720 responsive to

a pressure signal froma particular sensor (e.g.,

sensor 708) to regulate the fluid flowrate. FIGURE 8

is a diagranmmati.c_represent ati.on_of ot h

enbodi e S PEORD Comiarbl CHRH LA B0 by ZBte based
conioiol1deHree s8@8 samddirinide ghil QiLHP2pFOssure sensor
receiving a flow, an outlet 804 for directing a flow

to bewed esnposent §lufid daiisy Q@R Bl gResadEoEensor

810 _f ar: [ . r
geng%lﬁfﬁggg 3%P©SE%§§§#%Fﬁ%%5na fgg%%ﬁ%LJ%%v%QS 5P55rates
(e. gstadltibhedt Burdngatos Mdnes;ien pofpetorvdlng, ta one
butterfly valve, driven val ve or othfr

ticall
val § Bt S NS T BF S orid VE P n et baY vgontro

CONHEQH ceSh@BAkahObe e@d 18- dldd G | At DI BSEUER to
sensor 810 can be capacitance type, 30 piezoresitive

t ypdetgrmiansiheeronr ed@iidon \nrtwgen prensed cosepspre at

kno in_t a trqgl | er : e ed to .
or cognrers d88onhe, 678, S0 e S e 38 ¥ Wohsen
exafipbe, ceheebli dalicenfOdt iiensinsAld Hoadh Mo s sdewn
for the sake of sinplicity, there can _be, intervenin

| gl BCBEARCEALLBAEF P Bert 181, Cridtl ke v iem b0 0 apgeunt
val ¥8r8hdes ¥k ¥e1 8ddo saR I Yy TAiiSodiier § CABRRSDE Sam of

such as"mcrocontrollers, to process the valve
confioWw sbghabladevbpen 700 dlede afifectvdiive cabpobhsieed

{0 Hhevahes coBLogh Shomlse FLi o SOLY o cSBileR: 2000,
exceph LBatribBe PAESEUEONIHIOIsighall) 1o at&sbonsive to a
downstream of the val ve.
pressure signal from a particular sensor (e.g., sensor
708) to regulate the fluid flow rate.

FIGURE 8 is a diagrammatic representation of
another embodiment of a flow control device 800. Flow
control device 800 can include an inlet 802 for
receiving a flow, an outlet 804 for directing a flow
to other components of a flow system a pressure sensor
810 for sensing a pressure, a controller 812 for
generating a valve control signal, and a valve 814
{(e.g., a throttling gate valve, a poppet valve, a
butterfly valve, a pneumatically driven wvalve or other
valve known in the art) responsive to the valve control
signal to regqulate fluid flow.

Pressure sensor 810 can be capacitance type,
piezoresitive type, a transducer or other type of
pressure sensor known in the art. Controller 812 can

be coupled to pressure sensor 810 and valve 814 via,
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It should be noted that, in the enbodi nent of FIGURE
8, because pressure sensor 810 is downstream of valve
814, the pressure at downstream pressure sensor 810
may fluctuate due to changes in valve 814. 15
Therefore, to determne if jghe downstream system has
changed and recalibration is necessary, an additiona
sensor can be added downstream of valve 814. As

descri bed in_conj ion th FI GURE 5, the controlle
con AR e FLBCE GRS O o A thaish ot
addidiApalrcienser sand, oEf Jifgp 1 dot pati se aggn 1198
great, can generate an alarm  In another enbodi nent,

t he Wamrepxmgt logicahebararsmicantaep 14T tHik2 v apyessure
Posidd-an,chanoes Dy grgaler, t hap, A Predet el Agd ner
amoint . the “Control f&r —can generdat e an al arm
F|gdm&ﬂ&dsso@mbb@bhtbarsudﬂl&ﬁrmﬂ¢rmpdnkrobh®ﬁdinﬁ@t
of nmethod for flow contrgl using a single sensor.

met RGP CSS SFEBBREAS VEaRORE I Bt e Ty PSR oAt r%lr‘P%? the
haV'v%g_v%n%e%FoHE&%epEQC%%%ofv%l%?ee%ﬂ%? sB&haPl  Fluid
computer instructions (e.g., a software 30 progran)

st ocedtawrladevipet éﬂOreadmlmlmedlmflrtmed eontrol | device

can e LN r ters in eneratin

contﬁ@ O?ugxgpﬁﬁ gluﬁ?g %ﬁﬁ% Q?(RW%EF@%aJ?%ﬁs ?on
par agehees aeﬂnsfbéamnﬁﬁtﬂMEYvﬁﬂﬁgs Can be stored on
a conputer readable nedium (e.qg., ROM nmgnetic
storage dévFReudd beneet , Jﬁééﬂﬁ%l%mbﬁﬁﬂmﬁ@t of

knoﬁﬁGUREtge BéEéusé %PF§'h%éwéE%é3¥ éﬁéuiénhow%s ream of

par amet ers 904 can e paraneters cal cul at
a puefiveuBad, ftba/pcem$nmb ey idevissEhmIpressure sensor

[ LI at f the fl | dev,
g e N R S L

thethaekrbhal staéféénﬁ@n@owrfstﬂ}@racwmﬁ@nfépg\tem has

control device will affect
changed and recallbratlon is necessary, an additional
sensor can be added downstream of valve 814. As
described in conjunction with FIGURE 5, the controller
can monitor the fluctuations in pressure at the
additional sensor and, if the fluctuations are too
great, can generate an alarm. In another embodiment,
the valve position can be monitored. If the wvalve
position changes by greater than a predetermined
amount, the controller can generate an alarm.

Figure 9 is a flow chart illustrating one
embodiment of method for flow control using a single
sensor. The method of FIGURE 9 can be implemented by a
controller having one or more processors executing a
set of computer instructions (e.g., a software
program} stored on a computer readable medium. The
controller can use a number of input parameters in

generating a control signal including in situ flow
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the pressures sensed at the flow control device.

Wiile this may have little affect on flow rates
cal cul ated based on a pressure differential, it can
significantly affect the flowrate calculated froma
15 particular pressure senser. Therefore, a flow
control device can be recalibrated after installation
to establish in situ fIOM/caIibration par aneters 904

s BNt S RSBV 652 05 B Shhbe g con

ent efd NG st VR saoe,@nfpu@:éaalmmwm@cmlmt oapged RAM,
software controll ed device routi ne. Because the

contB¥ | araamdliq ydiozagey Q@tl@@n% ether | eoRpPater
basggﬁp thn@&g_ u&%_%ébiquﬁ{ sensor at | ower
flow rates, parane ers can abl i shed, in one
25 enbodirentitof ﬂﬂmw|mammhﬁatInnnparmmebassd9@m can
Ianlnar flowof a fluid thro%%% e fluid cont

t
devildE1ULe RFRPLSTEN | T et r%s%%ﬁ%‘"llt{)ar flow
| amRafe Ad10WeviCRTRARRAL I fiit 41146 ¥h S6PSthy aDgw
downstream pressure |oses requires only an offset
val gontadle 3yipsednag Heow wystans | o cal tbr&iewn
parag;;%‘é% TheH%%n&rm£é¥ eé% éﬁgp &@ tﬁgg devices
r ecel s &) measur enen om a pressur

senﬁ@Mns%&e&heﬁr&& tﬂéZfﬂdwédnﬁﬂfdﬂldﬂviEélWSBllﬂffect
situ flow calibration paranmeters 904 to deferm pe the
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pressure, including conparing 5 the measured pressure
to sadahilbrat dbasedr ve ef Hflemsuratdisf{stenethlfoit can
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the 10 calculated flowrate to a set point. If the

fl odewiace can be recalibrated after installation to
establish in situ flow calibration parameters 904 that
account for downstream devices. The in situ
calibration can be done, for example, by manually
entering system specific values or by an automated
software controlled device routine. Because the
controller will typically determine the flow rate
based on the pressure at a particular sensor at lower
flow rates, parameters 904 can be established, in one
embodiment of the present invention, based on laminar
flow of a fluid through the fluid control device. As
long as the flow rate corresponds to laminar flow,
compensation for fluid viscosity and downstream
pressure loses requires only an offset value to be
used as the in situ flow calibration parameter 904.

The contfoller, at step 910, can receive a '

pressure measurement from a pressure sensor. At step
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does not equal the set point, the controller, at step
916, can calculate an error gain based on the pressure
froma particular sensor. At step 918, the controller
can convert the error gain to an anal og val ve contro
15 signal and communi cate tshe val ve control signal to
a valve. The steps of FIGURE 9 can be arbitrarily
repeat ed as needed or desi red. Additionally, it should

be oted hat contr can occur base a trol.

routiife, PrOCEshEd eFoaRpESEr 1B, ROk tIdp e R At on
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sensor can control flowin the same manner as a fl ow
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using a Si ng e sensor e"srngle 25 pressur
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nnnitoring fluctuations in Eressure nmeasur enent s .at
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i ndicate a change i n downstream pressure. 30 As
desecickesd iblevby the tbuhrohlerban be cal cul at ed

e, ST TRl Y O T g 6,

cal i brat

I nstahlkatkesdt @1awcguaé f@ratbgt ppesst.e dropheatled rate
by downstream conponents. If the downstream

confeREnpetcRaRge, thReSPRgRPIRE, oF PSRy odilgy . at step
chag ?% gghscgﬁpuiﬁegrahfe9f$it&Qi%bHé%éd“gﬁ“ﬂq%Lprssure

the fl'ébw control unit 1's noved wnst ream fi
bectmes eeptrtdtedar| sessotrubi Ay stuept L1dyr it acontroller

di spense process. or any other event occurs that can
af 1 EBF. FRBVSEhbRST BRHPRGEZLRT LT B AN oL Ve control

COMR9RRRY SafhaR8RmuhNBatt OMHEOPAT P Wit 16AN NN to a
recalibrated to account for changes in the overal
valve. The steps of FIGURE 9 can be arbitrarily
repeated as needed or desired. Additionally, it should
be noted that control can occur based on a PI control
routine, PID control routine or other control routine.
Thus, a flow control device with a single
pressure sensor can control flow in the same manner as
a flow control device having multiple sensors
operating according to a mode of operation for
controlling flow using a single sensor. The single
pressure sensor flow controller can also include
capabilities for monitering fluctuations in pressure
measurements at the single sensor (or other sensor) orx
fluctuations in valve position to generate alarms that
may indicate a change in downstream pressure.
As described above, the flow rate can be
calculated based on the pressure reading from a single

sensor by calibrating the flow control device at
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system (i.e., the in-situ calibration paraneters can

be updated). It should be noted that the repeatability

of control using a single sensor is dependent on the

15 downstream pressure drop with repeatability

generally increasing as thg downstream pressure drop

i ncreases. |If the downstream pressure drop in a
particular. in situ configuration is insufficient to
produc equate, repeatabilit addi_tional tupybin

P R addateohctn SBERLRE sy KhinerAsas dipps caused
pr essUIRWEARTREN BolnPeheass. t e dnenstowedniymssure

drop and increase repeatability. Wile the present
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scofrheoft lidwe coneoli aniisinomolvied, t @d doonstthesen filter
enbodi nent s. ny var,i ati ons, di ficat,i.ons, )

addi FGW?SaEGQEE%FB9Qne EQS?Otﬁﬁéﬂ&mﬁﬁﬁﬁ%ﬁnﬂyrlng a
des@i‘s@%%s%bﬁ\f@péég Besghbl 8kl ievee@NiRITA athdthatan

30 these varti ati ons, nndl.lcatlons, addi ti ons and
i pedfestntbef aensaict hpadingsscopd dhe Kevwnakdmamn as

det alfied L0 Lhe, LoLLOWRG £l 2|0 320 WHAT J S LALMED
IS T. ow contr dévirce conprising: an inlet; 5

an eethetibratébutd geavuntcabiroghanglest He ithleetgvearall
first pressure sensor to nmeasure . a pressure of a fluid

f1 oRVAGSPhidugh, ERR FMofitEdnfrOLLFEFIOR Pef@meters can

conbgohkggtggyfled to the pressure sensor, the
controlfTer configured to determ ne a neasure of flow

rate cor fespbodlagbeonatedatredtpeesepeataioid ity0 of

SRR BT  SEg 1 SRS AL GON o

si ngbfnBEtessH! fres8spe Hsophgithl sepeb@ePNEty generally
increasing as the downstream pressure drop increases.
If the downstream pressure drop in a particular in
situ configuratibn is insufficient ﬁo produce adequate
repeatability, additional tubing, such as coils, can
be added downstream of the pressure sensor to increase
the downstream pressure drop and increase
repeatability.

While the present invention has been described
with reference to particular embodiments, it should be
understood that the embodiments are illustrative and
that the scope of the invention is not limited to
these embodiments. Many wvariations, modifications,
additions and improvements to the embodiments
described above are possible. It is contemplated that
these variations, modifications, additions and
imbrovements fall within the scope of the invention as

detailed in the following claims.




sensor. 2. The flow control deice of Aaim1l, further
conprising a valve |ocated 15 between the inlet and
the outlet and coupled to the controller responsive to
the valve control signal. 3. The flow control device
of aim2, wherein the firstypressure sensor is

| ocat ed upstream of the valve. 20 4. The fl ow control
device of Caim2, wherein the first pressure sensor

i s WHAJABLCLAIMBESIS eam of the valve. 5. The flow
control device of Claim1, wherein the controller is

further 25 operable to: receive pressure neasurenents

f r dm t hé ffow sintebdedce compridingnr t he pressure
measur egﬁnts for a fluctuation; conpare t he
fluctua (5rHt(oapredetermnedI| and if the
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to:hgmﬁwt;@;ﬁtr@déﬁbyeaﬁoor a change in val ve position;
and 33 if the change in valve position is greater
than a BregEler eyrded wgmressug%ﬁ@?saréhgﬁoaﬂr@ww@wd to
CoBiérRAlned %éﬁ%%’fﬁ%? tel @ e% o WndeaQlife Pmrgnéégﬁe 4ta
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east one conputer r execu
Ie&yﬁonne processor to: receive a pressure neasurenent
froma first pressure sensor; calculate a flowrate
based on a neasure of flow rate corresponding to 10

t h2. pr eRivuiicey ol dere i Cldimm Wlh?ﬁé‘rlcbﬁipn@ﬁlgsasw'& located
| i brati on paraneters;
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c othi halvedoattal sigiged on the difference between the
calculated fl ow rate and set point.

3. The flow control device of Claim 2, wherein the first pressure sensor is
located upstream of the vaive.

4, The flow control device of Claim 2, wherein the first pressure sensor is
located downstream of the valve.

5. The flow control device of Claim 1, wherein the controller is further
operable to: _

receive pressure measurements from the first sensor:

monitor the pressure measurements for a fluctuation;

compare the fluctuation to a predetermined limit; and

if the fluctuation is greater than the predetermined limit, generate an
alarm.

6. The flow control device of Claim 1, wherein the controller is further
operable to:
monitor a valve for a change in valve position; and




15 8. The conputer program product of Claim7, wherein
the calibration paraneters conprise in-situ
calibration paraneters. 9. The conputer program
product of Claim?7, wherein the set of conputer 20
instructions further conprisessgnstructions executable
to: nonitor pressure neasurenents for a fluctuation;
conpare the fluctuation to a predetermned limt; and
i f the fifthechardein vialyegrosiiipaiis gieatertihan @ pestieterminadeamount,
an alarm 25 10. The conputer program
prg%g F% Eﬁéﬁ%ﬁh19 wherein the nonitored pressure
nmeasurenents are generated by the first sensor. 11.

The, co uter rogram product. of im.9, erein the
ot or o BoaTEP e Ermailelng o BiRERE el ipnico
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product of wherein_the set of
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and 34 if the change in valve position is greater
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10s e ffyppressire m@aamnerairfmm tefigst prassise seng)rmssw of at

15

a Eémﬁgu&{uﬁ%%g{e?%rgensor calculating a flow rate based

on a neas 'ow rate corresponding to a pressure
measur ecrenparertiosrfioweateito atseppeiatand sensor and a set

of caljbration para thefl W ra
Lo a cctolsgrie vl Sl liaripeRd PR the Histencs bbiaine
basadu[atedtﬂm/ chitd fed esqidtet ween the calcul ated flow
rate and set point. 14. The method of Caim 13,

further conprising generating the calibration 15
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9. The computer program product of Claim 7, wherein the set of computer

20  instructions further comprise instructions executable to:

25
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monitor pressure measurements for a fluctuation;
compare the fluctuation to a predetermined limit; and
if the fluctuation is greater than the predetermined limit, generate an

alarm.

10.  The computer program product of Claim 9, wherein the monitored

pressure measurements are generated by the first sensor.

11.  The computer program product of Claim 9, wherein the monitored
pressure measurements are generated by another pressure sensor.

12.  The computer program product of Claim 7, wherein the set of computer
instructions further comprise instructions executable to:
monitor a valve for a change in valve position; and




conparing the fluctuation to a predetermned |imt;
and 20 if the fluctuation is greater than the
predetermined limt, generating an alarm 16. The

met hod of Cl aim 15, wherein the nonitored pressure
nmeasurenents are generated bysjhe first sensor. 25 17.
The nmethod of Caim 15, wherelin the nonitored pressure
nmeasurenents are generated by anot her pressure sensor.
18. The intbe lebangsf inGlabemposdion fisigtehtsr tisamp predatgmi amount,
noni toring a,valve for a change in valve position; and
i f Q%ﬂgrtﬁ%Wd%mTh val ve position is greater than a
predet erm ned anount, generating an al arm

13. A method for regulating flow through a flow control device based on
5 measurements from a single pressure sensor, the method comprising;

measuring pressure at a first pressure sensor;
calculating a flow rate based on a measure of flow rate corresponding

to a pressure measurement from the first pressure sensor and a set of

calibration parameters;

10 comparing the flow rate to a set point; and

generating a valve control signal based on the difference between the

calculated flow rate and set point.

14.  The method of Ciaim 13, further comprising generating the calibration

15 parameters by performing in-situ calibration.

15.  The method of Claim 13, further comprising:
monitoring pressure measurements for a fluctuation;
comparing the fluctuation to a predetermined limit; and
20 if the fluctuation is greater than the predetermined limit, generating an

alarm.

16.  The method of Claim 15, wherein the monitored pressure
measurements are generated by the first sensor.

25
17.  The method of Claim 15, wherein the monitored pressure

measurements are generated by another pressure sensor.

18.  The method of Claim 13, further comprising:
30 monitoring a valve for a change in valve position; and
if the change in valve position is greater than a predetermined amount,

generating an alarm.




